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I. INTRODUCYION

During the past 15 years thalwrlter; who i8 in chavrgs
of the Clvil Engiresring Section of the United Staﬁes Buresa of
Reslematicn Eydraullc Laboratory; has been interested in the do-
sign of ovaffall spillway Beotions for dams, Partlally due to
this iaterest, mach gemeral information has bsen accuzuleted on
the anbgé;tfhotn in the laboratory and in the fisld duriag that
period of timé. In additlon to data obtained from the more
rouxine bydraulic model tests, the writer has plapaed and super-
vised agiérnl test programs on baslc information ccugérning.cer-
tain pha@ss of design for doth high and low overfall daa 800~
eicns,,}fkq praparation of this thesis offers an opportunity to
cemaziéva ghrtian of these data under ome gover. Soms of the
1nfozm&tion ﬁaa been issued in the form of intaroffise reports

" for the ﬂeaién department, and the remainder is presented here

for the first tims, It becomes nesessary to repeat portions
of cgyjabava reports in order to davelop the line of resscaing
in tho meterial whish follows. Becauss of the extent of the
datéiinvalved; it is intended to atress the results and their
appl&cations to dgsign rather than the methods dy whieh tie
dats wers actuslly obtalned. A
The following is a 1ist of syadols as used Shroughout

the thesis with referensce to Figures 1 end 23: '

< Totel discherge, sscond-feet.

q Discharge psr foot of arest leagth, ssecpnd-feet.
Bidth of teat channel at gaging sesation, feet.

1

L Length of tsest weir or overflow sestion, feet.
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A Avea of flov oross-gection at gaging nut-ioﬁ. square
feot.

U, Average velooity of epproach, feet per sscond,

hy Average velooity hesd of approsch, fest.

hg Obaerved head above sherp orest of weir (measured et
gaging station), Teet.

THg=hg ¥ by ~ Totel head mbove sharp orest of weir, feet.

2 Haximam distanse lmr‘ pepps rises above sherp arest of
m!r. feat,

hp Dbserved hesd above high polint of lower nappe, fend,

fig=hofhy » Totel designsd hesd above high point of lower
zmppd. Paot, _ |

H iny total head above high point of lowsr napps, feet,

P Depth eof approach floar below ﬁmp orest =2 wolr Seet,

Rorizontel or vertical displacemsnt on overhing snd offe
set welrs, faot., |

Height of risor on offsed ﬁo&m, Taot. |
——igry - Coefficient of discharge for overfall sestion
i T designed head (free fiow).
Ca Coefficiant of ﬁischaran sorrected for submrmm of'e
fact. |
C; Coefficient of dischergs for iden) shope of seetlon,
;. Coefficlent of discharge for aetual sheps of section.
hg Differonce batweon total headwater clevation upstreas
and tallwater elewation dewnstrees {low dams), fect.
4 Depth of flor on domnstress apron {low dams) , fost.
Paf2 Depth of horizontzl downstress apron below erest of
iow 4z, feet.




FIGURE

Movable tioor

VERTICAL FACE WEIR
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OFFSEY WEIR
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w -Widih of test channel 0t gaging section, feet.

L -Lengthof test weir,feet

A -Area of flow cross section af quging staton,squore feet.
o -Dischorge quontity, second - feet.

vo - VeloCity of epprooch, feet per second

PRINCIPAL ELEMENTS OF THE OVERFALL CREST FOR DAMS
WITH VERTICAL,OVERHANG AND OFFSET UPSTREAM FACES
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II. SHAPES POR OVERFALL DARS “HERE ATHMOSPHERIC
PRINIURE IS DERIRED OF THZ DOVHOTREAE FACE

History of viouns Work
w4{th the trend in rsoent yeoars toward higher dams and

greater depths of flow over flood spillway sections, the import-
ance of providing the corrasst overfell profile hes been matere
ially incwessed, It has been the acceptsd practice for meny
years to attempt to design the shepe of overfnll section to it
the lower nappe of the overfalling sheet of water for the aaxie
muxm discharge condition. This would de the most aconomioanl sus
well a3 the most efrficlient shaps of gsation on whileh subatzose
sheric preszures would be small or nonexistent. In other words,
the pressures on the overfall face would approxizaste zern {deo-
Tining zero as atmossheric pressure) for the maximum dischsrge
conéition mnd increase to positive values for sll flows less
than the maximua., It has veen the practioce to avoid sudbailnos-
vheric pressures on the npillway'rnos; as the resulting orfects
were 1ittle understood, 3Zxisting structursas have proved %o be
tomperanental sad in some osses detrimental.

A deficiency of dam ssotion at any point under the napps
will result in the formation of a subatmospherie prsasure de-
tuaen the downatream face of the dax and the nappe of water
when serztion is suppre ised. Vith sufficliont subatzospheric
pressure the folloming undesirable conditions can obtalin:

l. The reaultant pressure of the spillway zeation asy de

intyuusad, due to the reduction of back pressure, which mey

bring forees to act that would detrast from the astability




of the dam agelinst overtarning and nliding.

2. The instability of the subatzospheric Dressurs, with
it fintormittent preassure chango, osn in oxtrome cnges Oolse
cavitotion and loocallzed disintegration of the bvoundery knomn
s3 pitting,

Oe The instormittency of the subatxosphoric prazsurd Osude
o2 by the unstnble condition preveiling bonsath the Llow
sheot san cause o state of vibratior in the dam. ¥hile the
amplitude of this vibration 16 exoceedingly amall, the ad-
cuzulation of forces within the dsm eon Ppraduce secocnduiy
forsas, particalarly i the patural Crequency ¢f the strusture
boayrs a partioclar relatioc to that of the vibration of the
nappo. This ovent 13 usually sczozpanied by undesiradble
racblings in the prozinsity of the strucltore. This effeat 1o
nost likely prodused Yy pressure waver in the atnosphere
which rastlo windows, doors, and dia.hea for miles around,

~hile the design of the proper apilliwsy owverfall shape han
bean the subject of considerable study in the past, the resulss
in moat cases havo bheon based oithor on theory entiroly or on
mther moagor experinmental data. The first, sont extensive, and
verhaps the most reliable studies of mappe shapes were these of
Bnzin,! mede in 1886-98, in which ho exparizented on Sherpegreste
ed, supprossald, rectasngular wairs of wvarious shapes, and redad=

1 Bzazin, ¥., "Reesnt experisents on the flow of Yater over
“oira," Aznals des Ponts et Cheussees, Uotobar 18828 {trasnalat-
@d by Lrthur Earichal end John O, Treubwine, Jr., and published

in the Prooeadings of the Ingincers® Clud hiletolphin, Vol.
Vi1, fo. 5, 1800, p. 268, and Vol. 1X, Ko, 3, 1892, pe 231).
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o3 his odmervations %o unit head and constructed o “bese surve" |
revresenting the results of his experiments. Although the Foe
gults are sxlonaive, so far es tyyes of weirs are congernsi, the
renge involved, for sny one welr, is not suffielent for ths

. solution of most desisn problems. |

The curve of the lower neppe fascinated &. Bousainesq™ whe
zado it the basis of theory of flow over wolvs,

30 far ac nown, the firat attespt made in 2moriean lite
erature to develop the shape of en overfall dam to £1G the overe
flowing shest was that of MullerS in 1805, He sttampted to exe
tend = carve Trom the uppsr section of the lower nappe through
Bezin's data, His oxpression for the aam in the tarminolesy
of thia thesisz was

X% « 245 hgy 2 0 (Tigure 1)
for the thresd of msen volosity, with the origin of oomzmion
6t approzisately G.85 hg ebove and 0,00 by downstrees froz the
‘theoretics)l weir orest, Ho ssasured downwaré one-third the
thiekneza of the nappe normal to the thread of zean vslacity So
locats the ourve of the lower surfascs. Parker® reproduced
Kallorts aurve and deaxonstrated that 4t doas not £1t well wich

zamwatmq, Hee "Conmptas rendus de 1'acedbmic dos Scispoes,®
Wnly 'ﬁ’ lm.

Syuller, H., “Developmsnt of - Preotical Typs of Consreve
Gpillwsy Dam,* Engineering Fac.,7ol. 88, Cat. 24, 1808, P.461,

%mr ?.ma. "Fern of ths Downatveen Fave of Overfiows
L‘m The contml o’ Tater, p.I98,0.Ven Rostrand Company,
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Bazin's curve at the upper secnian; Parker's comment was "The
arrors in 4e6teils sare plain. Bazin's eurves rofer to sharpe
edzed notches, under hesds not exceeding L.7 fest; end iller
annlies thew to thlek notshes, undar haade of 5 or 10 feet.
The principle is s good one, end the prooess leeds to a nice
earve "

Werriscn and Brodied offer a parabolis sguation for the
lewer surface of the nappe of

x2 = 1,80 hoy
where he i the head measured from the highest point of the
lower nappe ourface, Figare 1. The origin of the coordinstes
in tals case is at the highest poiﬁt of the lower nappe surfsce,
As s factor of safoty for dam design, they recomrnend tiat the
ejquation de incressed to ‘ '
x® = 2,55 hoy

The equaticn 2 = 1.80 hoy wes also used by the kiaml Conserve
anoy Distriet in the dosign of tholr spillweys. It was used
without eny increase for factor of safety. It oen da shown
that actually the lower napps surface ¢an be only approximately
represantad by a parabola.

¥oodward® in the Mlsml Conservansy Distrist report, seys:
"The profiles of the ogeo walrs were designed to conform ape
proximntely to the profile of the lowar nappe of the overflos
from e sharp-crested wolr as determined by Bazin's experimento.
The profiles 28 desigrned sgree approximately in their upper
portions with the formule X2 = 1.8 Hyy, where X snd y are horie
zontal and vertical coordinstes measured from the ecregst of the

wolir and H. 18 the maximum offective head on the ogee welr -
cluding t18t éue to velocity of appromch, Figare l. The dism

suorrisen. Ee,y and Brodie, O.L., Hasonry Dam Design, pp.120<133,
2nd 24,., 1916,

6¥oo¢warﬁ, Sei., "Hydraullics of the Miami Flood Control Proe
Joct ,” Techniecal Heports, Part VII, p. 223,
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lower Susface, + sinilar equation with tho ssne origin of voe
ordinates derived by H. L. Davis, Engineer, Buresu of Hoclama~
tion, in

¥ 2 0.485 F0-873 51875 |

Lamb® gerived o set of merw eauations for the ahape
af the surface of & jot lasaing from 2 ebarposdgsd orifloe,
with some modifieations and the ineluslon of the effect of
gravity, eguaticns night be derived which would £it the observe
al data.

with the additionsl experimental deta containad herein,
the davelopment of such equations now offers an opprortunity for
regearch tc some eaglnesr or mathssaticlen., The foregolng Qis-
agreensnt, except for Bazin, represents only one typo of flow
{that whore the valoclly of the water apsrcaching the oreat of
the spiliway is pogligidle). YFor this reason the Dareau of Rao-
lazation perforsed an extennive series aof laboratory tests on
tho subiset. The resulZing information is suffioclient for ane
curate Seaign of the mogt comuon overfsll seotions.

Bethod of Obsaining Daln

The following information, mhiech will be referred So as
Buresu of Feolamation data, was obtained fron suppressed, staine
less-atesl, sharp-orosted welrs, 2 feet 3in length, ground to a
knife odge. The weirs reprosonted overfall spillway sections
with vertiscal apatrean faoce, sloping upstirsss faces, and alse
sections with overhangs end offsets on the upetress feoe, Yige

Vamt, H., Hydrodynanlea, D. 95, 0sh 2d., 1084,




A
gras 1 and Z, The wolre ware installed one at s Size in o long
ﬂm; 2 feat in wuth; provided with a soveable floor upstrsan
froz tho welr ané suitedle equipment to agsurately neasure the
profilas of the lower end upper nappe surfaces of the shset
of wator flowing over the woly, lsasurement of the &lischarge
and napps-shaps profiles wore msade for numersus honds and aps
proach depthe upstres:m from the verious welirs, A8 finally oome
riled, the napps-~ghape coordinstes are expressed in Soxms of
the totel hesé on Tho wair, and other mlm sre expressed in
dimensionless terms whoraver possible, 3By this method the ex=-
porimontal date can be convenlensly aﬁpped gp %0 prototype
provortions according to Froude's Law, The coofficlents of &i8e
charge hmir wore computed from the Sotsl head adove the high
point of the lowmer nappe surfsee; thus thoy apply %0 the 2o
sulting ogee seation and mot to the weir proper,

The n:pnrlmml soordinates for profiles of the lower
and the apper nappe shapes, odiained fraom szome 300 tests, Gune
piled and expresssd in terms of unit haad; are inoluded in the
following tables for various values of EA&M Pigore 1 for

wga twm neppe-phapo cosrdinates for vertical«fooe welir,.

“sUpper nappe : ,
mraimm .mnmmum 8s
Teble Tavle Iype of weir —
:vmxm apatress face '
:S1png 113 dnatra 318.@‘\11& vertical

{ 1]

" o4 es |

1411 ™

:Blpag 2:0 Snstem sww vertiasl
:3lpng 318 dontrm (406 with vertioal
:Slpng 8:1 dasten : 68.43%ith vertical
sSipng 41 dnotrm (75.97%8th wert

1 40-dogree mmana nm

IS ABMBLAN M




12
Ope would expact $o obtain the same nappe-shape profiles

for o 45-fegres offsot weir with reasonably high rigser as for

the weir with vertical apstroaa faco. This 43 not entirsly trues,
ae the typa‘of flom 4e different on the two welrs. It was Ob=
sarve’ that the lower nappe eurface, Guring the experiments on

the vertical weir aond oo the thres welrs tesvsd sicpiap omnsiTsam,
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TABLE 7 - WEIR WITH 45 DEGREE_ UPSTREAM OVERHANG (M/N <0}
COORDINATES OF LOWER NAPPE FOR DIFFERENT VALUES OF h./N.
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TABLE 8~ WEIR WITH 43~ DEQREE OFFSET AND RISERS (M/N:0.3 TO
COORDINATES OF LOWER NAPPE FOR DIFFERENY VALLUES OF hg/H,

o
o
-
o

con
-~
-

AR 4 m B D D
ocoa
-~
on -~

00 DOoo©®Oo coaoo

PCOOO HooDO 0Ooca
0OC00 OO0 O0OO0O0

TR CWDBE N AOOD EaN—-O

o

BE P e D Ers

B k=]

oD oD a
YR Y IV

O O tia

= R S 23

- -=-0 QOQD3 O
TR O D B DS e

T o0c
X=X

o m oo
R ]

\
@

3
e

oo
ey Lo

oo P e o

25 Duuea

L8 murr s mownn
S 0o
T OB aa s

6o
cice
ans
deQ2
=Ceo¢
-¢004
-goar
-Qnne
AN

©® ooono Dooco ¢
O OON0D NO0O0OO0D

~

>0
Qo
So
oo

(.
oo
&
pobet
22
P~y
o
e

Y
ATV
-9u82
~GLey

~00s ¢

~00%9
hCALS ]
~007e
~ahwe8
MR
Lt
-
~G134
0146
“0 s 8
“ra
<Ly
%Y
0209
0222
~L 23
1
by Lt
-Qzra
~Gty)
~6 309
“Bise
~6 8%
~paeds
~G483

- e A
[P enary

'

3

DD ODG GO ae S

<

O DGR oo

g
PR YRR BVl
PRI S

4

“HYy : P~ 0429
-2 I 1Ay R 1R
AN ] : TS
S e LA Poinest
-1 %2 e rse R ET

Sy P R 3 LY )
nesn I

! ~agen
At}

vt

LR
Liad
~r3id
v 2a
PR

~ 438
et
~rhue
!
- 160




TABLE 9 - WEIR WITH VERTICAL UPSTREAM FACE

COORDINATES OF UPPER NAPPE FOR DIFFERENT VALUES OF h,/H,
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COORDINATES OF UPPER NAPPE FOR DIFFERENT VALUES OF ha/H,
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0 180

SLOPE (33.69° WITH VERTICAL)
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TABLE 13- WEIR INCLINED DOWNSTREAM ON 2 TO | SLOPE (63.43° WITH VERTICAL)

COORDINATES OF UPPER NA'PPE FOR DIFFERENT VALUES OF ha/H,
BAZINS EXPERIMENTS
Y/ Hy
ho/Hs ho/ HS
0.002 0.02 0.04 0.06 0.07 0.002 0.02 0.04 0.06 0.07
X/ Hg X/ H,

-3.500 0.969 0.961 0.950 0941 0937 -0.500 0.831 0828 0.824 0.821 0819
-3.400 0.968 0.959 0950 0.940 0.935 -0.400 g8le 0813 0.809 0.805 0.803
-3 300 0.967 0957 0948 0938 0933 -0.300 0.798 0.795 0.791 0.787 0.785
-3.200 0.966 0.95¢ 0.947 0.937 0932 -0.200 0.778 0775 0.771 0.768 0.766
-3 100 0.965 0.955 0946 0936 0.931} -0.100 0.755 0.751 0.748 0.744 0.742
-3 000 0.963 0.954 0944 0935 0930 0.000 0.728 0724 0.721 0.717 0.715
-2 900 0961 0.952 0.943 0.934 0929 0.100 0.696 0.693 0.690 0.687 0.685
-2.800 0.959 0.950 0941 0932 0928 0.200 0.662 0.659 0.655 0 652 0650
-2.700 0.957 0.948 0.939 0.930 0926 0.300 0.624 0.620 0616 0612 0.610
-2.600 0.955 0.946 0.937 0.928 0924 0.400 0.580 0.577 0.574 0570 0.569
-2.500 0.952 0 943 0935 0926 0922 0.500 0.531 0.528 0.525 0.522 0520
-2.400 0.950 0.942 0933 0.925 0921 0600 0.474 0.470 0.467 0.463 0.461
-2.300 0.948 0.940 0931 0.923 0919 0.700 . 0.411 0.408 0.405 0.402 0.400
-2.200 0.944 0.936 0929 0921 0917 0.800 0.342 0.339 0:335 0.332 0.330
~-2.100 0.941 0.934 0926 0919 0915 0900 0.267 0.263 0.260 0.256 0.254
~2.000 0938 0.93¢ 0923 0916 0912 1.000 0.185 0.181 0.176 -0.172 0.i70
-1.900 0.935 0.928 0.920 0913 0909 1.100 0.095 0.091 0.086 0.082 0.080
-1.800 0.930 0.923 0.916 0.909 0.905 1.200 0.000 -0.004 -0.009 -0.013 -0.015%
-1.700 0.927 0.920 0912 0.905 0.901 | 300 -0.105 -0.108 -0.112 ~0.115 -0 17
- 1.600 9.923 0.916 0.909 0.902 0.898 1.400 -0.214 -0217 -0.220 -0.223 -0.225
-1500 0919 0.912 0.905 0.898 0.894 1.500 -0:334 -0.337 -Q.34O -0.343 -0.344
-1.400 0913 0.906 0.900 0.893 0.890 1.600 -0.460 -0.463 -0.466 -0.469 -0.470
-1.300 0.908 0.902 0 895 0.889 0886 . 700 - 0591 -0.594 -0.596 -0.599 -0.600
-1.200 0.902 0 896 0.889 0.883 0.880 1.800 -0.730 ~0.733 -0.736 -0.739 -0.740
-1.100 0.895 0.889 0.884 0.878 0.875 1.900 -0.875 -0.876 -0.878 -0.879 -0.880
-1.000 0.889 0.884 0878 0.873 0.870 2.000 -1.026 -1.028 -1.029 -1.031 -1.032

0.880 0875 0.870 0.865 0.862 2.100 -1.190 ~-1.180 -1.190 -1.190 -1.190

0.870 0.865 0.860 0.855 0.852 2 200 -1.363 -1.362 1.361 -1.360 -1.360

0860 0.855 0851 0.846 0.844 2.300 -1.542 - 1540 - 1538 - 1.536 - 1535

0845 0.843 0838 0.834 0832 2.400 1.730 -1.726 -1.723 -1.719 - 1.717




00t 2
00¢ 7
0022
001 2
000 2
006 |
008 I
00Z 1
009 |
006 I
00?1
00¢ |
002 |
001 |
000 |

006 0
008 0
0020
0090
006 0

00t 0
00€ 0
002 0
0010
000 0
001°0-
002 0-
00€°0-
00b 0-
00§ 0-

SH/X
W%

L
~
(@]
o

v N
—_— D

WO~
N

B

8
¢
£
!

b
8
£
S

NN N -

OC0O0CO0 OO0 COOOO OO0 OCAOO0O0O OO0 O
e~ D)y~

mr~NLQgD OV ST MO -
OO O DCODO DOOOO

O f~ P
DM e Y~ ey

[ o]

o

OO OO
QOOO0OCO OO

mI\>

*H/°y 40 S3INIVA LN3H34410 HO4 2ddVN ¥3ddN 40 S3ILVNIQHOO0D
(TIVOILY3A HLIM «26'GL) 3d0TS | OL # NO NVIHLSNMOG Q3INITONI HI3M -1 378VL




TABLE 15 -WEIR WITH 45-DEGREE UPSTREAM OVERHANG (M/j+0)
COORDINATES OF UPPER NAPPE FOR DIFFERENT VALUES OF ho/H,

Y/Hs

0.9
0.9
0.9
0.9
0.9
0¢e
0.9
098
0.9

O =M WH U=~




voint 18 definitely eartain, howover: offset spiliway seootions
should Dot be demlgasd with valush Of wfi- @qusl S0 less then 0,8
. unleass that vilus is zoro, Yor vanlues of .%. batwesn saro and
0.5, flow conditions wago\oxt.ramly angtadble Lron artaet".um
a5 the gpring point vies not nscessarily st the sharp orest of the
wolr for this cese,

The upper nappe=shape soortinates, shown in Tables 9, 10,
11, 12, 13, 14, and 15, are not as depandable as those for the
lower surface, s other faotors may alter thelr profiles, 7Tha
uppsr sarfaco of & shest of vater fioeing over & Gaa is exposed
to the etuosphere and mey be altered by wind, air omants,,‘or
by insufflatien of alr by the watsr. ¥hen wetor, sxposed to alr,
resches a velooity of approzizatsly m fsot per seeond, eir is
entrained. 43 the veloeity inoreases, the insafflation becomes
mors propounsed, and alr asotuslly mixes with the water, . ®.
?nmm rm; wiile S2Zing massaroments on ¢ lona; steop, ire
rigtion westewny, that water Clowing at a depsth of approxmu-
ly 8 feat absorded 50 percent of air, by volums, frot the ate

mosphe. 3 for a velsolity of 80 fest per seocond., The uppar nappe=
shapa coordinates, therefors, represent omly the ideal case

vhere alr §2 not considered, These nxmmenwl upper coordine
ates, however, msy Yo used es o starting polnt from whish the
desizner aay make allowances for other influaonoss,

In the deaign of overflow sestions it is necessary to
interohangs heads Troz thosw chserwed on the welr, A, and H,, to
‘%m. Co¥l. ,"Progress Repoxt on S%udies of the Flaw of Fater in

Open Chasnels with High Gradienia,” Jaly 27,1838, B.Scﬁnsﬁo.
Repord m.ﬁ&o
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FIGURE 5

Y
‘, ?

Overhang N =0 NOTE .
' ' ‘ T ’ All angles are megsured with

~ reference to vertical

™~
N

c--Vertical

—— B Or 18430

o

/:'"3:3 Or 45°
X'L-‘ X“K"\;

0 b

RELATION OF 'Eg' TO _'2_0_ FOR VERTICAL
: o Ho ’
SLOPING AND OVERHANG WIERS.




28
dition. Tt will be so dssigned that for meximua designed hesl
on She apnw; ‘the feoe of the overfiow pection will fiﬁ,{‘ﬂ'~,m
lower profile of She overflowing shest of water with Llttle or
no subatssepheric preszurs betusen the shest of water and the
fa00 of tho splllwey.
Given & maximusn ressrvolr wuster surfacs at elevation
1000 for u otal dlsshargs of 75,000 seccndefest with the average
approash Tloor at elevasion BS80, detarmine erest elsvation and
eocrdinates for shape of overflom seotica for e crost leagth of
Assums a ocoafTielent of dlscharge, C & 5,70, ¥rom the
oxpression Qe ﬂmgzla
23/ s _s.000 = ea.0,
m L ! ¥ G .
E, % 28,07 fast,
Than
_ Py 2™ 120,00 « 18,37 & 101,43 foot
"1’53‘!’ s 'M 2 0.183, ent fros Pig.3, C ® B.86.
with this nev velus of C, | o '
25/2 o __T8,000 295,76 ont Hy ®17.90 feet.

.84 x 880
P ST 8 120,00 « 17,90 ® JOE10 Leat,

?g?'ﬂ * b iR = 0178 ant from Fig. 3, ¢ @ 5.08.
It hes now hoen esteblished that the valus of K, ® 17,60
end ths coaffiolent of disahargs C© 2 3.98. Thue srest of the
spiliway 18 then 1000 « 17.90 e elevation 982,10,




| o
It is next nacessary So determine the values of b, emd E.. |
The epproximste value of b, 18 oompated ms Pollows:
Hy # P % 120,0 feet (approximete depth of spproach).

e @ 129800 300 second-fest per foot of width,

then
Vo ® ..'%. « 2,50 £2. por second {veleaity of appromsh)e.
henece
Yongm % ® 0,008 Toot.

How %o obtain the wvalue of Hg,

.3; a%oa.m.

Zntering Yigere b with this valas, _a. s 21,1295

ena By ® 1.1295 x 17,80 3 20.16 foet.

Tow .%_ »-03088. = p5.0049,
20,18

Roforring to Tabtle ), values of -ﬁ;— are om {aopend- |
tng on the polint spesing Seaired) cné correspoading values of
-X. ers cbtained from the Teble for .2E. ® 0,009, Interpole-
tion is necessary, and the results aro shomn in colomns 1 and B,
Table 16. Solving for X snd Y from colums 1 and 2, respeote
ively, She soordinates for the overfios section, columms S and &,
are obtained. Golusn § expresses the valuss of ¥ 4n fest of
elevation. The points ave ahoun plotted on Figure 6.

The slope of the downstrsas fees of the overflow sogtion
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FIGURE 6 ‘i;f_
DISTANGCE IN FEET | g | ,Qf
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RESULTS OF EXAMPLES | AND 2
VERTICAL-FACE WEIR




BB TABLE I6G-COORDINATES FOR OVERFLOW SECTION
’ EXAMPLE |

Y

A, Y, El [
evation
Feet Feef' " Feet !

T 2 3 4 5

X Ad
HS HS

0.00 0.00 979.86
1.01 115 981.0!
2.02 1.72 981.58
3.03 2.05 981.91
4.04 2.2 982.07

5.05 2.24 982.10
6.05 2.20 982.06
7.06 .2l 981.97
8.07 1.93 981.79

.08 1.67 981.53
.0 1.39 981.25 -
|

1

|

|

0.0
0.0
0.1
0.1
0.2
0.2
0.3
0.3

0.63 980.49
-0.36 979.50
~1.51 © 978.55
-2.83 977.03
1]
20.18 -4.34 975.52
- -7.95 97191

~12.25 967.61

~17.17 962.69

~22.86 957.00

|
I
|
|
!

~29.30 950.56
~36.30 943 .56
~4399 935.87

-52.53 927.33




boayond the ourve depends on atability duﬁemmuom of the
structare ané on the characteristice of the stilling pool at
the tos of the anillway saecstlion,

A cozmmon niatake in practies §5 Co underdenign the cone

fining walls of & spiliwoy. It s 43fficalt in scwe sases o
foresen the varisuz faoctors which determine the nessssary height
of apillway walls, such as dlegonal waves propagated by plers,
wavas created at difforent gote openings, unsymistrical flow
sroduced by uneguel approach conditions on the two sildes of a
opilinay, unpredictable air currente, snd waves dus $o une
symnetrionl gate operation, Ths latter condition can b olime
inated by operating the gotes in o syasotrical szaser. If all
gatss sammot be opegel an oqual agoant, then those that are
opened should be. ohoson 80 as o prodase ¢ syametricsl pattern
of flos. The oxtent of tho effeot of theo remsining factors to
prodecs waves in 2 apillwey oan be determinsd satiafaotoriiy
only by o model study.
Exemple 2

Determine the weli hoights for the overfall dam section

as desigred in Zxazple 1,

Y. ﬁa and f};_ have alresfy bhesn deteraines 3n Exsmple 1,
Hg

it is movely nscessary to choose values of -%;-— fron Table ©

Y
and read oorresponding values of %; foyr _ﬂ_&. « 0.,0048, The

tabulation im shown in Tadle 17.




AP AN Rl s L

TABLE |17- GOORDINATES FOR UPPER SURFACE

EXAMPLE 2

X Y Y

RS L X Y :

Hs He : : Elevation

Feet Feet Feet

| 2 3 4 5
-1.000 0.956 ~20.18 i9.29 999 .11
-0.600 0928 12,11 18.73 998.55
-0.300 0.897 - 6.05 18.10 997 .92
0.000 0.843 0.00 17.01 996 .83
0.200 0.78 8 4.04 15.90 995.72
0.400 0.712 8.07 14.37 994 .19
0.600 0.617 12.11 12.45 -992 .27
0.800  0.492 16.14 9.93 989.75

1.000 0.342 20.18 6.90 986 .72

1.200 0.152 24.22 3.07 982 .89

1.400 -0.068 28.25 - .37 978 .45

1.600 -0.318 32.29 - 6.42 973 .40

1.800 ~-0.598 36.32 -12.07 967 .75
2.000 -0.905 40.36 - 18.26 . 961 .56
'2.200 - 1.256 44.40 ~-25.35 954 .47
2.400 - 1.653 48 .43 -33.36 - 946 .46
2.600 ~2.090 52.47 -42.18 937 64

56.50 - 51.52 928 .30

2.800

918

.67




Columns 2 and 4 wore odbtsined by multiplying the values
in 1 and 2 by Hy or 20.18, The pointa for the upper surfade
are glac shown plottsd on Figuve 6. This ourve represents the
sctuol water surface as obt&inaa iz the sxperiaents with nsare
perfeot ay;aﬁacﬁ oonditions and with little or no air adbsorption
in the shoet of weter. The emount of freedoard needod above this
curve, ao mtated previscasly, Gepends on tke particular probles.
vave heights are Jifficult to prediet, The expansion of the
sheet of wator due to air entrainment invreeses as the waler o=
cglerates, but 1t ocan be eatimated with a ressansble &egrse of
asccuracsy. In this cmuneiazx; refeoromae m ande $o0 & stuly by

Ehrenher@rz'l %o setus) fielé observatians by C. ¥, Thozas 10
and an analysis by Y. L. Styester.l2

Witk material for the vertiesl, 1:3, £:13, 3:3, 8:1,
end 4:1 aloping welrs, 1t 42 posaidle to Gesign the most econome
ioal and effioient overfall ssotion for a dam witl etacsphoric

pressure on the face for one of tzwsa slopes or any lntersedilate
Aownstresn slope. |
Design the overfall eeotion of & Lm. 8leb sonopete dax

R.. “Flow of Tater in Steep Chutes with smm.
sration.® Transliated by Z.J0.Wilsey, 00%..1
im.m.. Prom the Sorasn in Osterreichisechon Inge

and Arehitektenvercines No. mm md Wm. 1986,

mmmm, Te Le Progress Beport oo Studies of She Flow
of Tater in Open énannan with Bigh Gradients,” Oot. 13, 1938,
TVeSaBeRe Hepors, Hyd.




with orest at slsvation 180.0, for a maximam disohorge of
200,000 ssocnd«fest. The uppmeh floor 18 at elevation 158,03
the orest is 1,206 foot long; and the upatresm face of the dem
is on 8 0.785:1 sBlope.

The sclntion is handled amnaﬂ,g to Example l.
Z
% = (&)
Assuning C =

3.

» (45.86)3/%, 12,42 reat (approx.)
30 x 1200 l

and

"
°o_ = _12.44 = g.408
P&E 25 *

From Figure 38 a more accarate value of T = 3.91 i3 aod-
tained £or s slopo of 0.75:1 or 36.837 degrees from the Yvartical.
Repsating thia operazion uith the Tiow value of C,

0

. 200 .0¢ lz/a 8/3

s 42, 12,20 feot
201 x 1200 ( 42:83) = 2 Teet,

and

Ho

12.20
PLE

s 0.488.

From Piguye 38 the soefficient of discharge rmiaa et
3,81 for the above welue of 5 .
P 7 B

The noxt step is t;o 2ind the wvaiunss of ,ha and Hg,

w3 3 _20C s  186:87 second-fest per fi.of srest
1 = % 166467 pe of

va = T4E ‘no -557-1—5%5— 4+48 Teot per second

h, = 0.312 foot {velooity head of approacii).




s 02012 o 0.0238.
12,20
8 gnl &

» B8 = 1,087 for the abovs velae of

Fo H,

velir sloping downstresa 36,87 degraes with the vortiocel.

A

Hg = 1,057 x 12,20 » 1£.89 fest

itk these velues and Tadles O and 4; the coordinaten
for she owverfall section esn be dotermined. It iz necesssry in
this v=Be 4o interpolate betwes:n ialuos i the two tables, as
ths upstream slope cof the overfzll sentioﬁ is 36,87 degrena.
The coordinates have heon fabdbulated in Table 18 and are shown
plottod op Figure Ti.

If she upper surface soordinates are degived, these can
be obtained in tho same msmmer from Tables 1l end 12,

Denign an offget overfall dax with atmonplerie vwaasari
on the Qcwnstreen face for s total hesd of 30 feet on the crest.
The seotion has an 8«fo0t offzet and ¢ S«fo0t riser on the upe

stresn faoe and the ﬁvaraga helght of crest above riverbed is
EG foet, Consider orest of dsn at elevation 100,.0.

o
and .Ep.:qg‘a 0,885

Entoring Flgure 4& with those velues,




TABLE |8-COORDINATES FOR OVERFLOW SECTION
EXAMPLE 3

Y
W

33.69-Degree
Wier
2

45-Degree
Wier
3

36.87-Degree
‘Wier
4

Y,

36.87-Degree’

Wier
6

Y
Elevation,
Feet
T

0.000
0.032
0.050

0.059
0.061

0.062
0.061
0.059

0.051
0.041

0.029
0.015
-0.002
-0.044
-0.097

=0.157
-0.226
-0.301
~0.481
-0.692

-0.940
-1.212
-1.517
-1.850
-2.222

0.000
0.018
0.034

0.041
0.042

0.042
0.042
0.033

0.032
0.021

0.008
-0.008

. —0.027

-0.073
-0.127

-0.189
-0.258
-0.336
=0.514
=-0.727

=0.966
-1.240°
-1.543
~1.877
-2.246

0.000
0.028
0.046

0.054
0.056

0.056
0.056 .
0.053
0.046
0.035

0.023
0.009
-0.009
-0.052
-0.105

-0.166
-0.235
-0.311
-0.490
-0.702

-0.947
~-1.220

-1.524 .
-1.858
-2.229

0.00
0.36
0.59
0.70
0.72

0.72
0.72
0.68
0.59
0.45

Tooeee
O — — W
H—OWHr ~NMPPPOO

1 [}
s
N OWOoO—
o

[ |
N s
C.MQO
;-
(S J ]

179.28
179.64
179.87
179.98
180.00

180.00
180.00
179.96
17987
179.73

179.58
179.40
179.16
178.61
17793

177.14
176.25
175.28
17297
170.24
167.08
16357
159.65
15535
15057




IN FEET

ELEVATION

4 |

; Crest £ 180.0

Mox Disch = 200,000 ¢.f.s
Length of crest = 1200 feet

8

HORIZONTAL DISTANGE >
A—RESULTS OF EXAMPLE 3

T I
;s Crest EL100.00
¢

k') 45 a4y -1¢]
HORIZONTAL DISTANCE

B—RESULTS OF EXAMPLE 4
RESULTS OF EXAMPLES 3D 4

L
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C w308 | |
g = 05,32 5.0z x 30%/8, 844 s00.rL por foot of orests /,
T e _Z; = %a 11,71 feet per ssoond -
an2  h,m 8,13 fast, |
sgnin, to obtain the soordinates it is Tirst necessary to
computs the corract valuss of K, an 85, 4 out and try proe
ooz 18 neceszary in the osas of .mmtxlnenam.

Agsume :
Hy & Hy,

%35#_; 04671

Proz FPlzurs 84,
E = 0.0m

shen

Hax Hy £ » 30 £ C,081H,

He® 3:%5- S 52,65 feet (firat approximation)

Repeating the above prmaa using Sue lest walue of Hy,
By » 2s33. = 0,085
He 32.85

Reterring again So Flgare 44,
2 = 0,084, |

H,

thon H_® 30 £ 0,084 "

30

This progcess oan be repested as many times as desired,
but the last walus of By i3 sufficiently acsurate for the prode
lem at hand,
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Teblo 19 1istn the coordinates for the downstrean £80e
of the offsat dsm in EXample 4. Thase were obtained by uslag

the final values of H, and ;E in oonannction'uzth Table B,

411 overfsll seotions dasigned sscording %o the foregoing
method should be checked for atadility. 3hould the boso width
prove insufficisnt for atadility, it aay be broudened to the‘
dosired dimansion by flattoning the tangent s3lopa.

In gll of tue foregolins eases the designer muat declde
shethor to aze ths pressst approacsh Jdepth, apstream fron the
spillwey, or some faoture spyrosch depth. Tho shallowsr the gpe
pronch, the broader the overfsll sedction must be to asintaln at-
moopharic pressaren on the dowvnstroam {ace., Therefora, irkthe
reservolir in question is axvacted to tiil with 811t in the near
fauturs, the apornacsh depth, which $3 to be used in the deaim,

should bdbe ziven serious consideration.




Table 19

COORDTIATTS FOR OFFSZT OVERFALL SECTION ( EXA4PLE &)

Hg =30.0  Da = 0.065

X :- : s : Y

Hg : : 3 : Tlevation
‘ : , s oo [feat)

() = (2) ' : :  (5)

J.000 0.000-
0.050 +3,0L8
5.100 :  0.070
0.150  : 0.082
0.200 ~ :  0.086
J.259 i 0,08k
0.300 : 0.080
3.350 : 0.070
0.400 ¢ 0.059
0,450 : 0,046
0.502 +5.029
0. 609 -2.012
0.70%5 1 0.064
0.300 : 0.125
0.970 G.19%
1,000 2.279
1,200 0,448
1.400 ¢ 0.65k
1.609 : 0.892
1.300 : 1,160
2,000 s 1,06z

f97.42
93,86
929.52
59.28
105.300
.94
99.82
' 9052
- 59.19
92.30
28.29
97.06'
95'50
93.67
91,60
39.30
ool
'?7.80
70.66
62,62
- 53.56
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111, PLOY CHARACTERISTICS, DISCEARGR, AND
PRESOURES RELATIVE TC SUSMERGED DARS

‘Eistory of Previous Work
Yeny attempts by differsnt indiviftuals have boon made SO
piecs togathor axperizental fate frox warious seurces con flow

pver subaereed Savs. AG sutsmrpﬁ 2lou, 2t ite best, im Gt
stable, it is not Aiffioult to onferstand why these attempls
heve boon orly pertislly suceessful. Xven §f this materisl
counld bs plesed together, its soape would not Ho safficlent to
represent the ploture of a ®holo. AR sttonpt wes made, thora-
fore, to obtain as ocosplete an sosount &3 the time available
would perait fron ono laborstory atudy. The {é‘hjech of the study
w23 to obiain genersl inforumstion o aid in the desipn of sab-
sarged dems and for this resson the results have btesn expressasd
in the most gerersl forms, that of dimenslonless puaders. A
bibliography of previous work on the sudbject &5 included in the
back of the Lhesals,

Seops eof Investigation
This chaoter s dased on experissntal resalts fram two

sasall dams which were testet in the Buresu of HReolamation Hyd-
reulic Laboratory. The report deals ontirelr with submerged
flox over theso dams, The study inoludes:

1. Investigation of the various typss of flow en~ -

2., Detersination of dissharge cocefficlients
3. Thoe messuremsnt of water surfaoes gand prassares
on the dam ond in the svilling basin to ald in stadility dew




terainations
Pour Aistinot types of Tlow were pravminnt on the 4oBie
strear apront |
1. Flow at pupsseritical velocities=
2. Flow involving $he hydraulie jump
3. Flow asccompanield by ¢ drowned jJuap

4. Flow epproaching sosplets subnorgence

Dischargs cooefficionts were first determined for the fres
fior condition, thon redetormined for the various conditions in-
volving submargencs, The Gifforsnce batwoen the two in terme
el the deorosse in the coefficlent of dischavrpe due tc submer-
pence. This Tnotor expressed in persont of the Iree flow 0o~
officilent has been plotted for practiocnlly ell coabinstions of
flom which oan oceur on smrli dams with hoxizontal downstreasm
87Tons,

“atar surface and pressure geasurwaents are inoladed in
Aimensionlese soordinates for & reprosontutive nusbver of flow
combinations. These plote are intended $o eid the designer in
nicturing the type of flow to de oncountered end, at the sene
time, offer sotunl volues for stabllity deferminatlong,.

Threa ezamples have beun incluled to dexonstrate the pose

aible uses of the eanclosed esxpsrixentsl inforaation.

Teat iauipnent
The axporiments were rorfoprzsd on twe dirffersnt pieces of

equipasmt but bobth were Sested in ths Barsau of Reolamation Hyle
raulic Laboratory in Denwer, Colorado. The first set of experie
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FIGV'RE 8

]

L

DAM SHAPE COORDINATES
{IN FEET)

+

[_:;..'.‘ - DAV H J
[ X Y ' X Y !

- O v O - - o (). -
C.0ra 2038 0.0h2  ruLd
0.067 C.LE7 0.1 04 0.0y 6
0,001 0,068 0.156 0117
C. 35 0.074 c.208 Q.31
0,168 C.075 £.260 _0.138
0.202  0.073 0312 0140
235 073, C.364  0.139
270 ,064 w46 0,135
10.303  0.056, 0468 0128
,,326 _ 0.046 0520 Qo118
0,404 10.021 0572 0106
471 -0.012 0m,24 009!
cLt28  0.050 07202  0.063
0.6C5 _ 0.c0% 0808 20022
10,672 0,145 0910 -0.030
07 .. 0.285 1014 0,088
942 0.408 4,118 0083
976 0,572 1,222 0.230
0762 1.300 0.286
. 0.977, 1560 G518
(.210 1.820 . 0.785
2080 413
22140 ~1.478

©

- 384

urve-

2
@

o
o

ToTatL HEAD ON GREST, H, 'N FEET

o
'S

I : o ; ’ o
3.0 3.2 3.4 36 3.8
GOt FFICIENT OF OISCHARGE C it °

SUBMERGED DAM STUDIES

DAM COORDINATES AND FREE GCREST
GCOEFFICIENT OF DISCHARGE CURVES
DPAM A——— DAM B—

Designed head. Hy = 0,62 Designed Head,H, : 116
P+E :3.44 ond 0.25 P+E:= 3.54
Length of Crestzl52' L ength of Crest=(95
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&2
modal was asssured through the acourately eelibrated ladoratory
venturi smster aystem. SHsgulation of the tallweter on Dam B uwas
ecocanplinshed by means of an adjustable«hingsd gate loosted at
the domnatreanm and of the flums,

Tast Prosedurs
The initirl tests wore made to obtaln date required to
comstruct curves for the frees discharge conditlion with the upe

atroam flcor ant in different positions, By this is meant the
downstresn floor was remnved ooaplotely and freae Clow allowed
to pravail for theme teosts. The curves are shown for two upstream
floor positions for Dem 4 and one floor position for Leam B on Fige
are 8, The second curve for Usa I was odtalned after chanpes
were made in the appromeh ehaml to e dame After the tesis
on Tadl b, it was laapnsd thalt the offvot oo Sho flom produced
by the upadtream floor positicn could bLe sezregoted frox the af-
feot produced by the downsivesn socditions. In other words, the
entire effect of the upstrean floor is aceountad for in the free
flom coaffiolont curves on Figure B. These shbapes wore obtainsd K
by the method dezorided in Chapter 31, PFor this rsason it was /
not nOCSISAYY G employ more thar cne upstrean floor position for
Doz Be

Upens completion of the fres flow coafficient curves, the
upstrean floor wac set in one of the calibrated positions and the
dovnatrean floor was fixed in a position spproaching the orunt
of the 2am, 4 conatant head was mainianined en the dax while
tsadingz of tha discherze and depth of Tiww over the downstream
Tloor wore cads for wariocus tallwater depths., Viow genditions




ansounterad varied fros supsroriticel volocities to flow st
practically one hurdyed persent sudmergonce, the dlscharge in the
istter csas spproachicg mero, %This procelus involved from six
to 6izht runs, oach mede with the tollgate in a differsat posi-
tion. Tab 2ems Leat wad ropeated whlle o secocud hval wad ssine
tained ‘on tho erest of sho dsm. After this the downstream {loor
wae lowersd %o o zocond position and the twelve to sixteen runs,
outlined mbove, ropsatad. Thia entlire routine was yepesteld for
floor positions varying £rom the orest of the dem to She pare
menent Tloor of the flums. In tho gese of Dan 4, the upytresm
floor wes shifted to the sacond oalidbrated position snéd osrtein
runs repoated. The testing on Dem A wesz limited o supeveritien)
veloaities on tue downstresn floor while that on Dam B included
four types of Tlow,. The Qoorsase in the cosfflcient of diacharge
dua to suhmorgenco and mlise dus to the presenrce of the dmméa
floor wae cohtalned for each rus by sudtrnoting the coufi'lcient

of dischargs, thuy scbtained, from the free flow coeffiojent of
Pigure 8 for e corresponding flow condition. The exparimsutal
pointe, thus obtsined, have buen tabulatad and inoluded as Table
20e

The nomenclature csed ivo the oolumn headings of Table 20
15 {llustratsd by the sketch on Pigure 10, OUolumh ), Table 20,
ingicates the disaharge per foot of Gex for esaoh runj Coluan
£ shows the total hend on the erest of the dan, inecluding velos
oity head of approach; spd Column 3 18 fthe coefficlent of dis-
charge obtained by subatituting these values in She expression
cCs .;‘3 /ge The tabulation in Column & represents the difference
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between the free Gischargs ccefflolent, Yisure B, and the coef=
ficlant obtained width submerged flow for the saow 2an %with spersw
tion at idantieosl hwats., The positions of the apstiresm and dop=-
atroan rim.; shroughout the mat; are reotxded in JSalusms O

aad s; raspestively. Columns 7 and 8 involve pu:éoly paonetrieal
reletionships, namsly, the degree of uubmrmw anéd the pomie
ticn of the Aownsotrase Fioor with raspect to m asad on the
crest. Column 9 indjsstes the type of flow encountersd downstress
from the dex for euch run. Tho symbol H,, wien easountered, in-
dicetes only tho totnl designaed head for & glves dos while H
rapresonts any Lozl head applied Lo the some daxn,

Tost Reaults on Coefs

The date contzined ir Tablo 80 ware used to plot ths die
pensionless curves on Figure 104, For the sske of elarity, the
points are not shosn op the graph. The main coordinates invelve
the desres of submerpencs and the pasition of the downstreun
floor. The heavy polid 1lines divide the graph into gones osn~
»riging the various types of flow snoountored, such s supergerite
tonl tlon; the hydraulie mwp; dromned 3m; end floew appreache
ing complete submergence. The dashed lines indieate the detrsass
in ths coafficlent of disoheyge in porcent, based on the coefe

ficlent of discharge for fres flow gt the same head, Beginning
at the top of the sheet end readling downward, the Slov dezignate
ol as Type I, wat at sapersritics]l wvelocities fllustiunted by
Plots &, 7, 12, and 18 of Figures 1l and 18, The deoresse in the
oceffiolent of disoharge in this pegion is not eznsed by subaere
ganoe in the usual sonse, but iz entirely arn offoct produced by
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EXPLANATION
GHARACTERISTIGS GF FLOW OVER SUBMERGED DAMS

TYPICAL PRESSURE AND WATER SURFAGE PROFILES

AS OCCUR AT POINTS INDICATED BY GCIRGLES

ON FiGURE 10
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the downgtresm apson.
Ap the teilvator weo relesd, or the valum of ;g Gecroas~

6d, s by@rsulle jump ocoousred in whieh both supercritiosl amd
tranguil 2lew wore present. The fornor 1o Lhe Type L fliow and
the lottor o ropyenentsd by the none denfeneted er Type 1 flow,
Tirure 104, The ecurves somprising Tyres I and IT should nod be
comPuzed with the dopih vernsus epecifie eﬁurgy snrve, cosmonly
sasocintod with hvdrsolic Jump ocooputatiosns, as the latter ree
wwagants Tnlaes of dopthz and anersy foy one disehnree. Heny
dimoharmen arxe reosrezorted in She ourwea on Tipgure 1D4A. The
hriireu)io Jumn 4s shown in Plota 5; 8; '8.; 15; 14, and 17 orn FApe
nrea 11 and 12,

A3 the value of By eontinued %o decysase, FPigure 104, &
thixd oz of Tiom beea%e prevalont, designated no the drowped
Jumn o Trpe 1Y flow, The jet of water fliowing over the fan
continued to foliow shoe Jdam Taca, dut 4he tailwater depth was too
groad to gllow e good hydroelisc Jump to fonm. This type of £flom
is f1luserated in Plots 1D and 18 on Piguves 11 acéd 12,

¥ish stil) furthor deoresse in the value of ?, & fourth
¢ape of Clo coonrred which wes truly submerzed. In this oase,
the jet of water flowing over the deam no longer followed dowe
tho fros, but reparuied, assoniug o courve ahoad a3 indfcsted in
Tlots 11, 1%, oc8 19 on Figures 1) ané 18, This type of floe i3
oonfined to the mone designeved as Type IV, Pigure 104, Except
for saell wvalues of f_‘gﬁ, flow throughout Zone 17 was vary Wie
stabvle,

in inspection of ths dashed linss on Figure 104, of otne
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setent deuraase 1n thg dlsecherpge ecosafflofiant, indleates theil where
theno lines are wvartleal, tha dscrcune in the Ssafflclent of &io-
ghorze wex priacipally deg o the elfoob of the dounstreay flsopr
and lzdependent of subuergeasa. <8 Lhe dounavrean floor neared
thao orest of (no dawm, or éﬁ*ﬂ epproachol 1.0, tho assiliciant

S dischoxrge desysasyd to 28 poroent. Vith the dounsireas {loor
loval with ths coreat, the dam wes virtvally & road greated wmelir
for whioh %he theaoreticul deorsase aagsuld spproxizets &3 jurcent,

uhore Gito 1ines aeszgnéﬁc& 1z doerasasse in coolticiont, are
horinontal for values of Dgfd gruator than 1.70, She dosaatresn
Lroary no loager affoctsd tha goolfieiont oF disohargs and She
daoranse in digchcrze ocoovficient wos caueod gotirsly by sahmele

pInns, For valueas of hﬁ;d leaa thun l.7) the decresse in e
coafisient was prwduoad by £ioor elfpet or a cazbinotion 0Ff sube
sargecse uad Claoy olipot.,

It appeues odd that dhe dash Linag for Type 1171 fiow ahould
rise as the velno of hﬁgd inoroasaz. Thiz was ceussd Wy &
change in flom and can de elerified by reforence to Flots 14 end
18 vr Pigure 12, "lot 14 is Type II flos end Flot 18 i Trps IIX
fiowm while She value cm'_gg, is praoticelly the sams Tor ths teo.
in ths firet case, a true hydranllie jump exlated and little sube
margrnce alfoeot wos prezert. In the sooond case, tho tellvater
depih won approximately the same, bdbut the backwater effesd was
sore proncancsd. In other words, the point of sontact hetwsen
the juot felling over the dam and the Sallwater occurs a&‘%ﬁg.ao.la
in Plot 14 end 0,30 1o Plot 18 Iz zll ossesn, the dspth of fiow

on the downotresn floor was azwwasured st m'point 45,, or four times




tho dssipgnad head, downstream from the orest of the dam.
The ratio of the free fiow cosfficientse -g- hes besn plote
ted with respect to the ratlio of hoads -ﬂ'— on Figuvre 10D, where
C% ConfTicient of diseoharge at other :aan the designed hesd
Co® Conflicient of &ischarge ot designed head
P Any total head oi ovest

and He™ 7atal designed head on orest.

By knowing She soefficlent of discherge at the déxigned head 1T
iz pomsible, by mseng of Figure 148, to detormine the gosfricient
a% othar than the desipnef head. The dete for plotting the curve
was obtalined prineipslly from models toated, over @ poriod of
tizo, it the Bupeau Hydraulie Laboratcry. 4+ cheok on this date
fron other soareaals'lﬁ, showad excellent agreement. By this
dimensionless method of plotting all data, regardless of hevad cé’

approach depth, san be raprssectad by o single curve.

Test Rosulis on Pressures
in addition to typing the fiow and plotting the decronse
in the coaffioient of -discharge for esch czss, prassures and -
water saerfeoe profiles wers meassured glonz the flume for a faw
representative types of flow on Jam 8. The runs were ell mnde
with: the dam operating at the designed heed, H,, and the results,
Figures 11 anéd 12, hsvo beon plotted in dissnsionless terms with

tevis qﬂnabock of A »llaé Hydranlies, P?gn 341 (data of E, V¥,

1480:. Glen ?elsan, nThe suhmargpd.weir as a Hnanuring nevina "
Univara!tv of ¥ nain Eng iR Sxperiment : 1ot
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SUBMERGED DAM STUDIES
RESULTS OF EXAMPLE 5
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. 7
the sarth dem opillwey, indicated by the solid line in Figure 13,
for o minious amcust of exoavaticn, allowing s deoreass in the
frae flow coefficient of Aischarge not to exceed 5 percent Ior
the maximum 4ischarge conditioa. The arest of the overflow sec-
tion 15 at alevation 470.0 and tie total desalgned hwead on the

crest rio = S30.0 feet.,

The flow jmuedistely domustrsan fron tho overfloe sectlon
will cecur at lesc Sher oritical depth and will therefore resanble
that of Type I on FPigure 204, Pallwater Is not e consideration’
in this came.

3y following down the line for Type I flow {Figure 10*’2&),
to 2 deocromss in the coeffilciant of discharge of § persent, the
veluez of the maln coordinates at this polint are

By o 0.01 and bR o 133

B R: "
33 2 0481 X 30.0 = 24,30 feat
and hadl © 1.33 x S0.0 = 30,80 feot.

Tze pomition of the floor shouid thersfore be U0.90 feat
below the resorvolr level for the maximun flow condition or 80000
30.80 = 480,.1 oot in eleviiion. This floor 13 indisated by tho
lightly dotted line on Figure 135.

The depth of Tlow on the horizoatel Tloor at a polnt 4i,,
or 120 feot Acwnoiress fron the 0xes8t, I8 & ® I0.90 « 24,40 =
15,80 feat, and Craph 4 on Figure 11 indicates the type of flowm
to be expected., Tho avafficlent af Alischarge for tas downstreess
floor at slavation 48041 (Figure 13) wlll des 8.84. Shonld she
above procedure be repsated for the sase whers no dearsase in the




eosffiolent of discharpe 15 desired, it would B necessary to lo-
onte the downstrasn Tlnor at elovation 448.0 (Figure 13); but the
coofficient would be increngsed B8O 5,72,

Mow ghould 1% ve depired to maintein the asams capacity for
the rw ozec seation as for the forxer flat seotion, the designe
or kes two alternativeg: f£irat, $o docrease the width of the
onilimsy or secaondly, $¢ meintain the seme wldth and olevate thoe
orast of the ogee section, Ilevading the oreat would doorease
the hoad and also reduco the necessary exceveblion downstroom.
nitheyr alternative would effect e considerable scving in the size
of gates necessary for contral of the ppillway, ¥hetbker a saving
would be zosslble in tho cost of excavetion and congrete would
deponéd op the natare of tho Sopography.

Suvpoas it was decided to reduse the width of the spille
way as pentioned in the first ence. With the downstream {loor sat
to slve @ 5 porcent decrsase in discharge coefflcient, the midth
of the Soillway could bo reduced W s 19.5 parcent.

¥ith the downgtrean floor gmizimﬁ for no deoreasse in the
fres flow ccefficient, the width of spillway could bo reducsd

SeTE = B85 = S834& roroent.
E.85

On the other hand, supposs it is desired to olevate the

oreot of ths ogee a3 sugmesnted in the seoond alternate instead of
rodecing the width of opifllway. aAllowing o § percent decrossae in
‘the Glacharme coeffisiont, the orsat of the ogee could be reised
to olevation 474.05, thus reduciny the head on the crest fyom 30.0
to ES,95 foel.
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By positioning the downstream floor for no decrssse in the
free 1l cosfflclent tho crest could be raiged to elevatlon

474,85, reducing the head over the cmast to 20,10 Taot.

Couputoetion of Dissharse OVG

Ixanpis §
Given the dom shoan in Pipgure 144 for which the shape and

Prao flow soefficiont of discharge wore detormined by the method
provionsly desaribsd in Chaptor I1. Commute the diasherze per
foot of crest length and detersine the type of flow uhich will

bo oncsuntared for tho conditions sbown, The free flow aooffie

ciont of discharze is J.80.

%z%g-m-m

Be# o ae s

Zntering Figare 104 with theso walues, it ls found thal
the point falls within Neglon III, A drowned Jump will ooour
and she ccofricient of discharze wil)l be § poroent less than tLhe

free {low coefficlent,
The matual coefricient of discharge for tho flov dondle

tions s.osn thorafore will B8 Cp 3 3480 X G091 = B85,
The discharge per foot of length of dsm will bo

Qe cag', °u S.55 x }.23, £ 2 147.5 second.test.,

These oxsmplen gexrve as an introduotion ¢o the use of
sarves on Figure 10a, The solation of the following examplo ra-

guires succossive approximastiona,
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FIGURE |4
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Choosing o new velue ef H = 15.9, the process 1o repeade

ad, Otheor now volues are

%g.uﬁ&ao.wv

#4 £
E&__a%nﬁ%’l

and g - %ﬂ w 118
0 4

rrom Tlgurs 104, O s 18 percsnt dacrnans from fres flow
soefrislont,
Tron Figuws 108, % 2 1,083,
(-

and
Cel,028=2 _#.90 T 398,

The aotzal ooefficicnt of dischargs for the oame et hand
Cu 23400 2082 & Se27

‘H!’ma % s (l.9

and ¥ = 13,93 i‘sst; which agrees rossonadly well with ths gusume
ed value. This lovates & gooond point on the heal-digaharae
eurve Figure 140,

An &ttmam now #1311 be zade to determine the head sl vhiﬁh
submercenss besins, Ohonging s discherge of 100 mnné-fmt,
the tallwater, Figure 148, 18 at elevatlior 105,

Assuning =9 feut,

?s%smm
%ﬁ:g-&sw
gozxg = 0.7,
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From Pigare 0A, C = 1.7 povrosnt decrsass £rocm free flow

oosffisient.

Trom Plzure 108, % = 0.968

O
C 2 0,868 x 3,80 » 3.7

and

Cs e 3,97 x 0,088 8 3,908

n5/2 o 300 = 7.0

aad E w 3,00 fenat.
This agrees with the assuned hosd and thae looates & third
vaolone vary olose ¢0 the point at whieh sabgerged flok boglns,
The Temaisder of the curve 1s completed by sahstitating fyee flow
aocafficliants in ths ejastion o = Wﬁl‘o'. The frse flow coefle
figisnts for less Shan tho designed head oen ve obtained fron Flge
ape 108. The eoapleted head-iigoharge carve is shoon on Figure

Yrop the dinansions shosn oa Figars 140, dotermine the apw
rrotimate water sorfase and the hydraulie preszares opposing ap=-
1ift on the dom and apron downstCrean, for tho hoad and tailwateyr
alavations given. The fres {low soefflclent

| C = 380

%z%ﬁao.&ﬁ

E‘fr:‘;’ﬁ’xl'm°
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¥igure 104 shows theat & hydrsulic Juzp can be oxpeotsd

Aownstream fros the des for thess conditions evcompanied by &
£.5 percent dsorecse in the cvefficieont of discharge. The dee
oroase i produced principaliy by floor elfect and not SubREre
gonec. Filgure 104 elss indieates that flow over the das will be
gimilar %o that chosn ic Orephs 9 and § on Figure 1l. It should
again be mentioned thot the profiles on Figures il ané 12 are
for fiow at the desisned head.

The watoar surface cund pressure curves for Example 8 can be

ohtpined Ly averaszing the coordinstas from Graphs B and 9, Fige
ure 11, ant sultipiying the veluss by E, os ocullined in Teble
21,

The wetor surfsos ané hydreulic gradient from Teble £
are plotied on Pigure 14E, The pressurss have boen plotled vere
ticnlly sbove ths points at which thoy were zsasursd, Figare 142
shoms only the hrdraulio prosczurs over the daw and downsireas
apron. The additionsl forves apposing vplift suck a8 Lho welght
of ¢tho dem and sprons, and the hydrostutic pressure asiing horie
zontally egninst the apctrean foco of She dam have DeAn PLUTPOBGe
ly avoided in this exeapls. J
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I¥. DETIRMNIZATION OF DISCHARGE COBNMPICIENTS FOR OTHEER
THAY TS 10EAL BHAPE OF OVEIFALL BRCTIMN :

There hoo long been a need for o roliabdble methol of edtimo-
ting the comf{islonts of Qischkarge for overfsll gpilliway seo-
tions vhich differ Crom the 1Res)l shnpe., By the idse)l shape i
moant, the shaps of goction which sorrespondes tc the natarml Proe
£ile of the lowsr nappo surfece for the designed heed end given
epproech: oonditions, TPressures on the downstrean Tace of the
paolior will approach thet of the stmosphero, This will be the
zoot afficient overfall seotion, thus proféuse the highest &isw
cherge coafficient for s sastion on which snbqunario poia. T 08
pures will be adbaent, The fdonl shapes are “‘tz‘ﬁojisa troated in
Chapters II and III, They will be so desigaatad for laok of a
bettor BLorsi.

The pressnt ohapter will deal with aue_ éetaraipation of
dischiarge cosfflolients for lrregular overfall spilliwey slhapes or
soations differing fron She ideal shepes. The method wilil cone
gist of soopsring eny irregulsy shaps with corresponding ideal
and irreralar shapes for vhieh the discharze coefficiente are
¥nown, Frox the comparizon, the coef{icient of discharge for the
gnknossn atano ean bs olosely estimpted for the designed heed,

The ocvefficients of discharge for irrezular shapes on
whioh appreciable positive or sibatmospheris prossures exist,
will vary from those for en idesl shaps besed on the same heed
ard appruceh oondlitions, Positive pressures on the amtm&
faco will produse g decTease while sabatiospherie pressusres will




74

rosul? in an inoresse in the cosfficlent of dlscharge. Splillway

ghapes are Josipned for both positive and substmospheric preoge

sure conditions and in only about 50 porcent of the cones is 4t

practicnl to utilize the ideal shapes.

Irrogalar Sections with Vartles
Orffsot Upstroass ¥aoes

A compewison of variocus irreculer ahepes with Corrasponde

ing idesl shapes, together with coefliclients of discherge for the

two, at the desiprned heaeds, are shown op Figures 15 and 18. The

discharge coofficients for the irregular shepes wors cohtalned

from podsls tested in éhe Iaboratory over a2 period of some 15

vears, The coofficlients of discharge for the 1denl shapes were

gomputed accordinm $o She method in Chapter IX.

The g0lid line on Figure 1% renrosents the profile of the
“heeler Dam 3pillvay. Superizmpossd on the same Figuvre is the
ideal shape, identified by the broken line, compatad Lor e Ao~

signed head of 17,0 fest on the orest and an averags eppraach

dopth of 40 feet. The sgreosent in shapess s qulite aloaa‘anﬁ
this iz also srus of the dischargs coefficlenta. Tho cosfTislant

for Vheeler Dan at the designed hesd, nbtuined frox a 1:36 aoldel

1o 3.875 and the coaffioclent Lor the 1desl sbape 15 3,880, Fige

ure 184, Otber oases vhers %he astual shape slosely mataohes the
ideal shape are illustrated in Pigure 15D and ¥ and Figurs 16A.
The confflolents of dlscharge for saoh eoaperison sgred IGALOG-
ably'wall.n‘The gouffiolents of dimeharge, prototype hesd, aApe
proach dapth, and model sonles are rescrdel undcser sasch graph.
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In meking ¢ oomparison of this kind, it is necsssary o
mateh sither the uvatream faess of the aotual and iaia;. pegtions

or thelr axes., Pelither sethod is altogether sstisfestory., In
the commarisons in thin ghapter, the azes of the actusl and idewl
shapes are made to coiroide so thet the erests or highest points
on the $xo shapes constitute o common polnt.

In the osse of Canyon Perry Dam Bpillway, FPigure 138, the
astual profile falia outside of the ideal shape, thas posltive
pressures will oxist on the dun face for ell opsroting heeds. A
comparisan of the digeharme soefficisnts verifies this statement
as the ecosfficiant is 3.85 for ths sctusl shapo egsingt 5.86 for
the $20al smhape, The spillwey ror Keswick Dam, Pigure 182, is
a sinflar cuse,

Figure 15 shows the effaot produced on the cosfriclent
by brosdening of the sotusnl section in the upstream direction.
On the other hend, Figure 168 indiocntes that bdrondening of the
spatresn portion of the asotion is not detrimental to the 0O~
gfriciont providing sufflcient curwaturs 18 incorporated in She
upstrean £006.

S4imilar coxparisons of motusl 2pillwey shapes with correse
ponding 3d¢mal aknepes are shown on Figure 16C, D, and 3, and Plge
ure 17 for overfrsll seotione with sloping upstreus faoos. Sinie
ler information on overrall sections with offseta in the upe
strean fece are inclaeded con Pigure 18.

The ghapes of noetion hereln presentsd dc not necspsarily
reprencnt the f£inal dssisn of the dna splllways with whioh they
gre 1dontified, Some are finel dseigne while othoers epresent




a4
preliminery etudies on shkich relisble model Asta werc cbleined.
Tho coordinatan on Figures 16 thvsugh 18 are in foet, prototyps.
The dizensione of the astual seotions are oconplets oné are &xe
pressed in redli, rersbolus, or mectangslsr or polsr occordinates.
The coortiinntes of the iCen} shepes heve not dson tabulateld Do
csums of thelr bulky nature,

Yor the parpoee of design, the infaormntion on Figures 15
throazh 18 has deon reoplotted in dimsnalionless ocordinotes on
Plgures 19 Shroush 27, A1l dimensions and soordinmie distanses
fiars hoen axﬂaéa by the totnl ama; Hyp G0 the respsotive over-
fe11 sootlans, By this method of plotting, similer shapes will
coinelds, thus actusl dlmenaiong and slevations have boen onite
tad, Somes desizners may orefer ibe dlmonsloslens over the
stralght plotting.

It i3 dosired to call sttoaztion to a paper by ¥ K.Sorland
in =hich hg proposas on antirsly 4iffarent methol for the Gotore
nination of Qlscharge noefficients for irregtlar overfall ahapos.
The coafficient of diacharpe s exprossed ln terms of she rastio
of %he hesd oo tne ovarfall orest to the head that pfodum the
besi-ritting nepoe shaps. Tho methol oan Lo sppiied to tie pre=
ceding shapes dut 318 pot applicable to the seations whieh :ollui.

13

Vg to Shis paolint, mothing has bson il eoneorping the efe~
fect of plers on the ooeffioient of dischergn. In the tasts dee

nﬂeﬂanﬂ, ¥e He "Tlow ower Rounded Crest Veirs,” University of

Colorado, Theslis, 19038,
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Figure 20
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gerived in Chapters IX end 11T, plers wore absant, All cooffl.

clentz of discherge in the presant chepter have bsen ocomputed
usine the not lenpgth of crast (width of plors excluded). 1In tho
daeslian of spillways with plers, 1t may be necessary to make an
adjustrent in the discharge coefficient whan obtained from the
mathod in Chapters II and III., For dblunt-nose piers, ths adjust-
ment msy be epprocisdle, while for wsllestreamlined plers, e
gorroction nar nct De necessary.

¥any experiments have baer performed by various egenciss
and individuxls on the effect of »iers on floming weter, Huch
of this experimentation has concerned broad-hridge piers in whieh
subpersance wae g fector. XNo ettampt 18 made here to correlate
this datz as it zslone would constitute a lengthy study. In-
stead, the results of a short study on plers, zade in conaection
with the spillwny for Srand Cownlee Dam, wil) serve the preszent
purpose. The reasunlts of the study, which was linitsd to the cass
of no Sackweler or suaboersence effect downstreaz froz the plers,
are shown on Figures 23 gnd 22. 4 profile of the overfall 860~
tion showing the position of the plors with respect to the sxis
of the spillwey has been drawn on Flgure 28, The tests included
rlers »i1t* sjumre, triancular, rounded, and stresmlired upstroam
noseg, 8¢ ' nose being identified with a2 letter ranging from 4
throush 1 “ach nose was tested on plers of &ifferent lengths,
the lepgtiz beling 1dentiflied by the pumbers 1, 2, 3, und 4, the
szullest nomber reprecenting the longest pier.

In the case of Pler A, with s square nosc {Figure 28), the

coafricient of discharge increused as the pler was lengthened,
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scribed in Chapters IY esnd 1II, plers werse abssnt. All cooffi-

olenta of discharge in the present chapter have besn computed
using the net length of crest (width of piors excluded), In the
design of spillways with plers, it may be necesaary to make an
adjastzent in She discharge ocoefficient when obtained from the
mothod in Chapters IT and ITI. For blunt-nose plers, the ad juat-
ment aay be approcladle, while for wsellestreamlined plers, e
corraction may noct be necsssary.

Yeny experiments have been performed by various agencias
and individuanls on the effect of piers on flowing watsr, Huch
of this experimentation has concerned broad-dbridge plers in whieh
submergance wag a fsstor, No attempt is mede here %o correlate
this date as 1% alone would cenatitute & lengthy study. In-
stead, the results of & shert atudy on plers, made in comneation
with the splllway for Grand Coules Dam, will serve the present
parpose, The results of the stuﬂy; whiech was linited to the oase
of no dackwater or snbgergenee effect downstream from the plers,
arc shown on Figures 28 and 28. 4 profile of the overfall sec-
tion showing the position of the piers with respect to the axis
ot the apillway has bsen drawn on Figure 28, The tests included
piers with squere, triangular, rounded, and stroamlined upstreanm
n088C, each nose being identifled with e lotter ranging from 4
through K. Eaoch nose was tested on plers of differont lengths,
the leagths bsing ldentified by the rumbers 1, 2, 3, and 4, the
sazallest namber representing the loagest niler.

in the ocase of Pler 4, with a square noss {Figure 28), the

coafficient of dischargs inorsased =s the pisr was lengthened,
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